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THE CASE FOR CLIMATE CHANGE ACTION

WEDNESDAY, OCTOBER 1, 2003

U.S. SENATE,
COMMITTEE ON COMMERCE, SCIENCE, AND TRANSPORTATION,
Washington, DC.

The Committee met, pursuant to notice, at 9:30 a.m. in room SR—
253, Russell Senate Office Building, Hon. John McCain, Chairman
of the Committee, presiding.

OPENING STATEMENT OF HON. JOHN McCAIN,
U.S. SENATOR FROM ARIZONA

The CHAIRMAN. Welcome. Today’s hearing will be the third in a
series of hearings this Committee has held this year on the very
critical topic of global climate change, an issue of worldwide impor-
tance.

The National Academy of Sciences has reported that “Green-
house gases are accumulating in the Earth’s atmosphere as a re-
sult of human activities, causing surface air temperatures and sub-
surface ocean temperatures to rise. Temperatures are, in fact, ris-
ing. The changes observed over the last several decades are likely
mostly due to human activities, but we cannot rule out that some
significant part of these changes is also a reflection of natural vari-
ability.”

While the National Academy of Sciences statement allows that
factors other than human activity may affect temperatures, there
is broad scientific consensus that global warming is occurring, that
human activity is causing it, and that its consequences are ex-
tremely serious. While these consequences are alarming to think
about, and politicians are naturally inclined to postpone tough
choices, no excuse for inaction on this issue is acceptable.

While Congress and the Administration continue to expend their
efforts on justifying our inaction, many countries have already rec-
ognized the scientific consensus, some states have joined together
to address the problems, and domestic businesses are taking their
own actions to respond to global climate change.

Earlier this year, Senator Lieberman and I introduced S. 139,
the Climate Stewardship Act of 2003, which proposes to establish
a mandatory carbon dioxide reduction program along with an emis-
sions trading system. We believe that a market-based approach,
combined with mandatory caps and Federal oversight, offers the
best way for the Nation to respond to a growing global environ-
mental threat.

We requested the Energy Information Administration and the
Environmental Protection Agency to conduct analyses of our cli-
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mate change proposal. While EIA responded to our request, EPA
did not. Based on the EIA’s analysis, as well as an independent
analysis performed by the Massachusetts Institute of Technology
and the Tellus Institute, we intend to offer a modified approach
when the Senate finally debates our climate change legislation,
which we expect to occur later this month.

Specifically, Senator Lieberman and I will offer a substitute
amendment, which will, among other things, eliminate the second
target date for reductions of greenhouse gases. It also would re-
quire the effected sectors to reduce their greenhouse emissions to
the year 2000 levels by the year 2010, which is approximately 1.5
percent below today’s levels. The bill, as introduced, would have re-
quired additional reductions by the year 2016.

By modifying the bill, we expect to build additional momentum
for the measure in the Senate. We've insisted on and secured an
agreement for a vote on the measure, a vote that must take place
in order for constituents to know where their Senators stand on
one of the most important environmental issues of our time.

We have a number of witnesses with us today to help further in-
form the Committee about the results of leading-edge scientific re-
search, discuss actions being taken by industry in response to this
growing worldwide concern, and public reaction to recent environ-
mental reports on climate change. We're also joined today by a rep-
resentative from the European Union to discuss the EU’s efforts to
develop a “cap-and-trade system.”

I welcome our witnesses here today and look forward to their tes-
timony.

First, I'd like to ask Mr. Jos Delbeke—he’s the Director for Air
Quality, Climate Change, and Biotechnology, the Delegation of the
European Commission, the European Union—to come forward.

Welcome, Mr. Delbeke, and thank you for giving us your perspec-
tive and giving your responsibilities on this issue. Thank you. And
I understand that your testimony will be in the form of a statement
of position. Just want to make that clear for the record.

Thank you, sir. Please proceed.

STATEMENT OF JOS DELBEKE, DIRECTOR, ENVIRONMENT DG,
EUROPEAN COMMISSION, BRUSSELS

Mr. DELBEKE. Thank you very much, Mr. Chairman.

I'm grateful for this opportunity to give input to your meeting
today. And there is a particular reason for that. The particular rea-
son 1s that Europe is now embarking on the cap-and-trade regime,
and will have been largely inspired by your successful experience
on sulphur allowance trading. So we learned a lot from you, and
we hope to continue that in the future.

Mr. Chairman, I also prepared a written statement, and I would
like to ask you to incorporate it into the record of this hearing.

The CHAIRMAN. Without objection.

Mr. DELBEKE. I will deal with two major points, a few words on
our climate change policy in Europe, in general, and then come to
the cap-and-trade system and the specificities of that.

As you know, Europe is fully committed to the multilateral proc-
ess, to the U.N. Climate Change Convention, and to the Kyoto Pro-
tocol. And the EU ratified, together with all the member states al-
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ready, in May 2002, the Kyoto Protocol. We are already imple-
menting the commitments in view of having a good start and ev-
erything in place as of the first of January of 2008.

The target of the EU is minus 98 percent at the 1990 level.
Today, we are at minus 2.3. A major part of that reduction comes
thanks to policies and measures in the fields of energy and trans-
port. A minor part of that comes thanks to the restructuring of the
economy following the German reunification. Recently, however,
our emissions of greenhouse gases are up again, and so we fully re-
alize that we need reinforcement of our policies we have already in
place and new ones to be developed.

For that reason, we developed a European Climate Change Pro-
gram in which we involved all stakeholders and which gave also a
new dimension in our environmental policy at large in Europe. And
the new dimension is that we are very determined to go for low-
cost measures, and very determined to develop more market-based
instruments in our policies.

While we do that, and while we fully realize how costly climate
policy can be, when we call for low-cost measures, we have cal-
culated for Europe that we can keep down costs to below .1 percent
of GDP in 2012.

What kind of measures have we developed already? We are doing
a lot in the field of renewable energy. We double our share by 2010.
We do a lot of biofuels and transport and cogeneration of heat and
power, on energy efficiency of buildings and passenger cars, on the
emissions of fluorinated gases, including mobile air conditioning,
emitting emissions from landfills and so on.

Important to know is that also in the field of research we are
fully committed to new breakthroughs that may happen in the field
of hydrogen and carbon sequestration, and we are happy to cooper-
ate with your country in this respect.

Let’s turn now to the EU’s allowance trading scheme, the cap-
and-trade system, which is really the pillar of our new climate pol-
icy.

We have finalized our legislation, in July 2003—that means a
couple of months ago—and important to note is that we had una-
nimity on that bill. We call it the Directive in Europe in the Coun-
cil of Ministers.

As of the first of January of 2005, that bill would allow us to in-
stall the largest multi-country cap-and-trade scheme in the world,
because it will apply to the 15 member states of the EU, 15 mem-
ber states that we have today, plus the 10 new acceding member
states, plus probably Norway and Iceland, with which we have co-
operation agreements in the field of energy and transport.

This legislation implements our obligations that we have taken
on under the Kyoto Protocol. And important is that it goes a step
further than what we have undertaken in Kyoto, namely that our
trading obligations are translated up to obligations for each com-
pany covered by the scheme. It’s a mandatory scheme for all major
companies from the power sector and energy-intensive sectors, such
as steel, oil refineries, cement, lime, glass, pulp and paper, et
cetera. And we count we have more or less 10,000 companies in the
scheme. That would cover up to 40 percent of Europe’s greenhouse
gas emissions, and cover plus/minus half of its GDP.
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The scheme, Mr. Chairman, is mandatory. We have a lot of expe-
rience with voluntary schemes, but those schemes did not deliver
enough results. So we thought we could establish a scheme that is
mandatory and, if we do it well, make it much simpler to imple-
ment. So that’s why we have a strict compliance regime incor-
porated into the bill that would create automatic financial sanc-
tions for companies not fulfilling their obligations, up to 100 euros
per ton of CO, under the period under Kyoto.

We would start, as I said, in 2005. That means that we would
have a learning-by-doing phase before the Kyoto period starts, be-
cause, as I indicated, this is a very new instrument that we learned
from you, Mr. Chairman, in the United States, and there is a lot
to learn for our European companies in that. So we hope to be com-
pletely ready to have the implementation scheme compatible with
Kyoto as of January 1, 2008.

It starts with CO; only, and not the five other gases which are
mentioned in the Kyoto Protocol. But we have foreseen possibilities
to gradually extend the regime, as you have also been considering
that, if I understand it well, under the sulphur-allowance scheme.

The allocation that we are undertaking is free of charge, but
there is a possibility for member states to auction a percentage of
the allowances—namely, up to 5 percent. Important to know is that
the member states are responsible for allocation according to very
clear criteria incorporated into the directive. Member states will
then have to submit their allocation plans to the Commission, and
the Commission will scrutinize them before the system starts. The
Commission actually, to facilitate that process, is now drafting
guidelines to be as clear as possible about what the Commission
has in mind and what kind of precise rules are going to be fol-
lowed.

A final word, Mr. Chairman. The EU’s scheme is not a closed
scheme. I know that some have said the EU is now establishing its
scheme on its own. That’s true, but it is not closed. It has two im-
portant provisions to make bilateral agreements with states who
have ratified the Kyoto Protocol so as to recognize each other’s
company-based emissions trading schemes.

The second possibility is that we have joint implementation and
clean development mechanism projects under the Kyoto Protocol
that may bring in credits into Europe’s scheme, and also that is,
in principle, allowed. We are elaborating, however, the modalities
of how to do that.

So we have learned that, in particular, global companies in the
sectors I mentioned are very much interested into these modalities,
because they see the European scheme as a start for what they
would like to see one day as a global trading scheme that is com-
pany-based.

As a conclusion, Mr. Chairman, the EU is going, and is showing,
I hope, that it is already implementing all provisions of the Kyoto
Protocol. And I stress “all,” because emissions trading in Kyoto was
not the favorite subject of the Europeans at that time. So we go
ahead with that, and, indeed, we are convinced that such market-
based mechanisms are very much capable of keeping down costs to
companies and to the economy.
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Our legislation is completed, so we are now implementing. And
the public sector is preparing for the allocation plans, for other mo-
dalities that have to be sorted out. The private sector is already
preparing, because thousands of companies and businesses and
brokers are now elaborating their business plans in view of Janu-
ary 1, 2005.

And the European Union, let me repeat that, looks forward to
open its schemes to other major players in the world.

Thank you very much, Mr. Chairman.

[The prepared statement of Mr. Delbeke follows:]

PREPARED STATEMENT OF JOS DELBEKE, DIRECTOR, ENVIRONMENT DG,
EUROPEAN COMMISSION, BRUSSELS

Climate Change: How the European Union Implements
the Kyoto commitment

Mr. Chairman and members of the Committee, I am grateful for the opportunity
to provide input to this meeting today.

I am a Director at the European Commission in Brussels, the executive arm of
the European Union.

In July 2003, the Council of Ministers of the European Union adopted with una-
nimity a Directive (bill) to introduce a CO cap-and-trade scheme as of 2005. It con-
stitutes the legal base for the largest multi-country cap-and-trade scheme imple-
mented in the world. Its scope is wide as it will cover close to 40 percent of the EU’s
greenhouse gas emissions, mainly from power generators and large industries.

The EU has been inspired by the positive experience in your country the Sulphur
Allowance Trading scheme based on Title IV of the 1990 Clean Air Act Amend-
ments. It is therefore a special pleasure to be given the opportunity to provide input
to a process in which the United States Congress may again lend support to a mar-
ket-based instrument to tackle the issue of global climate change.

Before turning to the EU allowance trading scheme in more detail let me however
provide you with the bigger picture of Europe’s Climate Change policy.

The European Union is fully committed to the multilateral process to combat glob-
al climate change. It has ratified the Kyoto Protocol in May 2002 and is now in the
midst of the implementation process.

As part of the European Climate Change Program, and in addition to the EU al-
lowance trading scheme, the following initiatives are underway to:

e increase the share of renewables in the EU’s electricity generation from 14 to
22 percent in 2010 (emission reduction potential 100 to 125 Mt COzeq.)

promote high quality co-generation of power and heat (65 MtCO2eq.)

improve the energy performance of buildings (35-45 Mt COzeq.)

improve energy efficiency and energy demand management

reduce the average CO; emission of a new car by 25 percent in 2008/2009, with
respect to 1995, (75—-SOM¢t COzeq.).

e increase the share of bio-fuels in the road transport sector to 5.75 percent (35—
40 MtCO2eq.)

e reduce the emission of fluorinated gases, including a gradual phaseout of cer-
tain fluorinated gases in mobile air conditioning systems. (23 MtCOzeq.)

e reduce methane emissions from landfills (41 Mt COeq.)

Except for the voluntary commitment of the automotive industry, all of these ini-
tiatives are being implemented through binding EU legislation.

The EU also values and participates in initiatives, including the development of
hydrogen technologies and geological carbon sequestration, to accelerate the intro-
duction of technologies necessary to combat climate change over the next decades.

The European Union has to meet its 8 percent reduction target under the Kyoto
Protocol, equivalent to annual cuts of some 336 Mt COzeq. The latest figures avail-
able indicate that the European Union (EU-15) has reduced total greenhouse gas
emissions by 2.3 percent since 1990. The major part of this reduction is due to poli-
cies and measures targeted at reducing greenhouse gas emissions, while a minor
part was due to a one off reduction resulting from the economic restructuring fol-
lowing German reunification. Recently, emissions have been increasing slightly
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again and this underlines the need to continue our efforts and further reinforce ex-
isting policies.

Since 2000, the European Climate Change Program has been in place to identify,
analyse and prepare such policies and measures in all major sectors, in particular
emissions trading, energy, transport, agriculture & forestry, and research. Stake-
holder consultation, involving EU Member States, businesses, experts and NGOs, is
viewed as essential for the success of the European Climate Change Program. The
backdrop of an internationally agreed and legally binding target has helped consid-
erably to establish the Program as an ambitious force for policy and technological
innovation.

The overall conclusion of the European Climate Change Program is that there are
ample low-cost reduction measures—that is, below 20 £ per tonne of CO.eq—to meet
our Kyoto commitments. The total estimated cost of Kyoto compliance of less than
0.1 percent of GDP represents only a small fraction of total economic output in the
EU. No indications were found that the standard of living of EU citizens would be
hampered.

The EU allowance trading scheme is the major cornerstone of our Climate Change
Program and will play a crucial role in the EU’s implementation strategy for the
Kyoto Protocol. As the legislation has been adopted, the EU allowance trading
scheme will be up and running in 25 countries across Europe as of 1 January 2005.
This will be “the onset of the EU carbon economy”, as a leading European Parlia-
mentarian has referred to it. It also marks a major change in EU environmental
policy in general, showing far greater reliance on market-based instruments because
of their attractiveness in terms of cost-effectiveness.

Let me provide you with the overall picture of the EU scheme. It will be imple-
mented in multi-annual phases, with the first phase running from 2005 to 2007 and
the second (in parallel to the Kyoto Protocol) from 2008 to 2012. It will cover over
10,000 plants in electricity and energy-intensive industry. Initially the coverage will
be limited to carbon dioxide emissions. Nevertheless, the scheme will encompass
more than a third of total EU greenhouse gas emissions and close to half of EU CO,
output. Just as the Congress is considering expanding the SO, cap-and-trade pro-
gram in the U.S. to cover other pollutants, we intend to extend the coverage of the
EU scheme over time. We have, however, not made concrete decisions yet as to
which sectors and gases will come in at what stage.

Allowances will mainly be allocated free of charge, although Member States may
auction a small percentage of allowances if they wish. The number and methods for
allocating allowances are determined in periodic allocation plans at the Member
State level. For companies failing to deliver a sufficient number of allowances, fi-
nancial sanctions of £40 per ton of CO; (i.e., about £147 per ton of carbon) and £100
per ton of CO; (i.e., about £367 per ton of carbon) will apply automatically. The ex-
perience of the Sulphur Allowance scheme demonstrates the importance of a robust
enforcement regime for the environmental and economic success of a program.

Finally, and very importantly, the EU scheme is not a closed scheme. It has
inbuilt provisions to create links to the outside world. Firstly, the EU may conclude
bilateral agreements for mutual recognition of greenhouse gas allowances with coun-
tries running similar trading schemes and having ratified the Kyoto Protocol. This
allows to extend the benefits of trading to other jurisdictions. It is an open invita-
tion to countries around the world to cooperate with Europe in the multilateral ef-
fort to combat climate change. Contacts are already developing with several OECD
countries.

Secondly, the Commission has initiated an additional legislative process to create
a link to the Kyoto Protocol’s project-based mechanisms—“Joint Implementation”
and the “Clean Development Mechanism”. This initiative aims to allow companies
to use credits from these mechanisms for compliance. Details of this link will be dis-
cussed and decided in the legislative institutions in the months to come.

The EU allowance trading scheme, with its possibility of linking with schemes in
other jurisdictions, is the way in which the EU promotes the vision of an inter-
national emission trading scheme in greenhouse gases. Such an international
scheme would prove highly beneficial for globally active multinationals of which
there are many in Europe as well as the United States.

The legal foundation having been set, Europe is now preparing for the launch
date of the scheme on 1 January 2005. Member States are now drafting national
implementation laws (a necessary step for any EU Directive). Member States will
very soon elaborate first drafts of their national allocation plans and consult with
industry, NGOs and civil society. Before the end of the year, the Commission will
issue guidance on the implementation of the common allocation criteria agreed in
the Directive. And the Commission will scrutinize the national allocation plans
which are to be submitted to Brussels by the end of March 2004. Common guide-
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lines for monitoring and reporting of emissions by companies at European level will
be agreed this fall. And we work on the legal framework and the development of
electronic allowance registries.

In parallel to the preparations being made in the public sector, thousands of busi-
nesses have started preparing their compliance strategies in the allowance market
aFfd are assessing how to benefit from the economic opportunities the program will
offer.

In conclusion, Europe is fully committed and works with priority to respect the
multilateral commitment it has taken on with respect to climate change. In doing
so, we increasingly rely on market-based instruments such as the implementation
of the world’s largest multi-country cap-and-trade scheme. The EU looks forward to
many countries joining us in this journey.

The CHAIRMAN. Thank you very much, sir.

You mention in your statement that the estimated cost of Kyoto
compliance is less than 0.1 percent of GDP. How does that fit in
with estimates from here in the United States that if the United
States were involved in a similar program, that it would be a huge
and devastating impact on our economy? I don’t quite understand
the contradiction there.

Mr. DELBEKE. Well, Mr. Chairman, when we embarked on this
exercise, we were asked to do that exactly for that reason, because
we were told that the costs could be very high, and, indeed, they
could be very high. But when we were starting low-cost measures,
including emissions trading, we were discovering for ourselves how
vast the possibilities are for companies to improve their energy effi-
ciency. In most cases, we learned through their participation in
this study—it was a stakeholder involvement, but also businesses,
experts, member states, et cetera, were present—that they were
gradually discovering for themselves that if you have squeezed out
some 5 to 10 percent energy efficiency in many different parts of
the economy, that that is possible. So the art is to squeeze them
out where they are available at the lowest cost.

And, for example, we know that we have subsidy schemes in
place in Europe for the coal sector and the energy field, in general,
where we could do a major exercise in scaling them down, what we
have been doing currently over the last decade. They are still there,
but far less important than what they were at the beginning of the
exercise.

The CHAIRMAN. Could you send us the basis for your estimates
of the impact on the economy and the rationale for it? It would be
very helpful when we discuss it here, on proposed impacts.

This isn’t exactly on the subject, but the heat wave in Europe
this summer was a prominent topic in the American media, not to
mention the European media. Can you comment on observation or
analysis of the European Commission regarding the correlation be-
tween that and patterns of global climate change? Or was that just
a one-shot experience?

Mr. DELBEKE. Thank you, Mr. Chairman.

Indeed, we are very much willing to convey all information to
you about the economics we did, and that is, indeed, available al-
ready on the website of the European Commission Climate Change
Unit.

The CHAIRMAN. Thank you very much.

Mr. DELBEKE. But I can confirm to you that the heat wave in Eu-
rope and the way water has appeared in the news over the last
couple of years has become a very dominant theme in the minds
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of the day-to-day people. We have had the flooding in Central Eu-
rope and in Eastern Europe, and we have had the heat wave and
the drought last summer. So people are very, very much aware
about how the appearance of water is becoming very irregular. And
people talk about it and make the link with climate change.

That’s why I think the policies we have been discussing have
been supported by an overwhelming majority in the Parliament, in
the Parliaments of the members states, because people feel that
something is happening. They are aware of the research that has
been worldwide, including from the IPPC, and they would like to
contribute their little bit to the solution of the problem, and would
look very much forward of other parties in the world to do the
same.

The CHAIRMAN. Thank you. And, again, your economic estimates
will be very helpful to us, because the major opposition to the very
modest proposal that Senator Lieberman and I have is the eco-
nomic consequences. And so I think it would be very helpful in the
debate to use your analyses of cap-and-trade, and so I think it
would be very helpful. And you’ve been very helpful to us today.

Senator Lautenberg?

STATEMENT OF HON. FRANK R. LAUTENBERG,
U.S. SENATOR FROM NEW JERSEY

Senator LAUTENBERG. Mr. Chairman, thank you very much for
holding this hearing. I want to commend you and Senator
Lieberman for initiating some action to deal with the problem.

I was in Antarctica a couple of years ago, and went to the South
Pole. I was shocked to learn that so much of the world’s fresh
water is stored in a single place. In the evening you could almost
hear the ice groaning as it shifted. When we see the reduction of
the ice cap there and the magnitude of that reduction, to me it
says, “Sound the alarm. Let’s get something going here.”

We all have experienced the potential aberrations from climate
change. I happen to have been in Europe, Mr. Chairman, for a
short stay this summer. The temperatures in Italy at that time
were over 100 degrees, and incredibly uncomfortable.

Mr. Delbeke, thank you for being here. With the cap-and-trade
program that we have, what influence might U.S. participation
have? It certainly would enlarge the marketplace, the negotiating
place, but what do you think the—how important an impact do you
think it would have if the U.S. joined in the world marketplace?

Mr. DELBEKE. Thank you very much.

On the last question, I think the impact would be tremendous,
because there are effects related to the environment and effects re-
lated to the economy and the competitiveness. I will not hide that
despite the fact that our overall costs are down—but, of course, and
below .1 percent of GDP—that the impact in different sectors may
be, indeed, more important than the .1 percent they may suggest.
So we have distributed effects.

And in technology-intensive sectors and in the field of new en-
ergy technologies and new technologies that allow to embody en-
ergy-efficiency requirements more strictly, we see a lot of positive
news following our climate agenda. But there are also energy—part
of the energy sector, part of the energy-intensive industry—taking
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products like steel and aluminum, et cetera, where energy use is
vast—where our companies are very much worried about their
competitiveness, knowing that this allowance trading is going to
start on January 1, knowing that they’ll have to be very competi-
tive in the global markets, and they convey to us constantly to
make the point to its major players in the world, including you,
that it would be most helpful if a global environmental problem is
being sorted out with a global effort that would minimize distor-
tions also in the markets in which they operate.

So, I think a possible decision by the United States to go for the
act that you are discussing those days would be tremendously wel-
come in Europe and, indeed, in the rest of the world, as well.

May I also indicate that the political environment within which
we have been discussing the new laws and directives, that not ev-
erybody in Europe is 100 percent enthusiastic because of this dis-
tributive effect, but that everybody was prepared to get started to
have the system up and running that will be the architecture for
future emission reductions over decades. So testing out that archi-
tecture and being pragmatic has been a very important element
that was creating a coalition that was vast, from green NGO’s up
to companies who feel responsible for what is happening in the
world.

So getting started, having this on January 1, 2005, if not perfect,
at least getting started and optimize and review elements that may
have to be reviewed because this or that elements was underesti-
mated, has been a strong element around the political—or present
in the political debate that we have had around this directive.

Senator LAUTENBERG. This may be a little outside your field, but
has there been a lot of review with your contacts about the impact
of nuclear energy generation versus fossil fuel-generated energy?
Because it’s more popular in Europe than it is here, and I just won-
der whether you've done an analysis about that.

Mr. DELBEKE. Thank you very much.

This has, indeed, been an element; in particular, because several
member states of the EU have already decided to phase out nuclear
as part of their energy mix. And that will undoubtedly have an im-
pact in the fuel mix and the greenhouse gas emissions related to
energy use.

So nuclear has not been advocated as the way out of the problem,
but has been incorporated into the debate in saying, well, look, if
we are going to phaseout the nuclear installations, as we have
today in Europe, in important countries such as Germany or the
Netherlands or in Scandinavian countries, et cetera, this will have
an impact. And an emissions trading regime would help us very
much to have that impact again incorporated into the economy in
an as smoothly a way as possible.

And, of course, I could mention, as well, that in the current emis-
sions trading scheme that is adopted by the council, nuclear instal-
lations are not covered, because they do not have emissions of COs-.
So they have a slight comparative advantage compared to power in-
stallations that do have emissions of CO2 and that are covered by
the cap-and-trade system that we are developing. So, in strict
terms, they are not part of the equation, but, of course, in overall
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economic terms, they have a slightly beneficial treatment, because
they do not fall under the scheme.

Senator LAUTENBERG. Thank you.

Thanks, Mr. Chairman.

The CHAIRMAN. I think, Mr. Delbeke, in the laws of unintended
consequences, that a number of countries, including this one, over
time, may take a look at advanced technology as it applies to nu-
clear power. I think there has been a dramatic change, both in gen-
eration of nuclear waste and size of—but it'll be a very interesting
thing to observe.

Mr. Delbeke, I thank you for coming today. I appreciate the op-
portunity of getting your outlook and your plans and proposals for
the European Union, and we look forward to working with you and
hope someday we’ll all be working together.

Thank you very much for being here.

Mr. DELBEKE. Thank you very much, Mr. Chairman.

The CHAIRMAN. Thank you.

Our next panel is Dr. Antonio Busalacchi, who is the Chair of the
Climate Research Committee Board on Atmospheric Science and
Climate on the National Research Council; Mr. Tom M.L. Wigley,
who is a Senior Scientist, Climate and Global Dynamics Division
and Climate Analysis Section, and Program Director of A Consor-
tium for the Application of Climate Impact Assessments, the Na-
tional Center for Atmospheric Research; Mr. Stephen H. Schneider,
who is a Professor, Department of Biological Sciences, and Co-Di-
rector, Center for Environmental Science and Policy at Stanford
University.

Mr. Schneider, I particularly want to thank you for traveling a
long way on short notice. And, Mr. Wigley, I would like to con-
gratulate you, you have the longest title of any witness who has
appeared here.

[Laughter.]

The CHAIRMAN. Thank you.

Mr. Busalacchi, thank you, and we’ll begin with you.

STATEMENT OF ANTONIO J. BUSALACCHI, JR., PH.D.
CHAIRMAN, CLIMATE RESEARCH COMMITTEE,
NATIONAL ACADEMY OF SCIENCES, AND DIRECTOR,
EARTH SYSTEM SCIENCE INTERDISCIPLINARY CENTER
(ESSIC), UNIVERSITY OF MARYLAND

Dr. BusarAccHI. Good morning, Senator.

The CHAIRMAN. Did I have the proper pronunciation, sir?

Dr. BusavrAccHI. Perfect.

The CHAIRMAN. Thank you.

Dr. BusaLAccHI. Very good. Thank you.

Good morning, Senators.

Senator LAUTENBERG. Good morning.

Drf._ BusaraccHI. Thank you very much for this opportunity to
testify.

I'm Tony Busalacchi, Professor at the University of Maryland,
and I serve as the Chair of the National Academy’s Climate Re-
search Committee.

I will use my time this morning to summarize what most sci-
entists agree to be true about the change in the Earth’s climate.
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Understanding climate and whether it is changing and why is
one of the most crucial questions facing humankind in the 21st cen-
tury. This question is the subject of much scientific research and,
of course, policy debate, since the economic and environmental im-
plications could be large.

The National Academies have produced a number of reports fo-
cused on understanding climate in recent years, and my testimony
draws heavily from two of these, a February 2003 report here, I
show here, that gives input to the Administration’s draft U.S. Cli-
mate Change Science Program’s strategic plan, and a 2001 report
called “Climate Change Science” that was done at the request of
the White House. This report answered a series of specific ques-
tions designed to identify areas in climate-change science, where
there are the greatest certainties and uncertainties. If you haven’t
read this report, there’s an excellent summary, only about 25 pages
long, written in very straightforward language.

As explained in that report, “Climate Change Science,” there is
wide scientific consensus that climate is, indeed, changing. Green-
house gases are accumulating in the Earth’s atmosphere as a re-
sult of human activities, causing surface air temperatures and sub-
surface ocean temperatures to rise.

Our confidence in this conclusion is higher today than it was ten
or even 5 years ago. Yet uncertainties remain, because there is a
level of natural variability inherent in the climate system. On
timescales of decades and centuries, that can be difficult to inter-
pret with precision, because we gather this evidence from sparse
observations, numerical models, and proxy records such as ice cores
and tree rings. Despite the uncertainties, however, there is wide-
spread agreement that the observed warming is real and particu-
larly strong within the past 20 years.

A diverse array of evidence supports the view that global air
temperatures are warming. Instrumental records from land sta-
tions and ships indicate global mean surface temperatures have
warmed by about .7 to 1.5 degrees Fahrenheit during the 20th cen-
tury. The warming trend is spatially widespread and is incon-
sistent with the global retreat of mountain glaciers, reductions in
snow cover extent, the earlier spring melting of ice on rivers and
lakes, 20th century sea-level rise, to name a few.

The ocean, which represents the largest reservoir of heat in the
climate system, has warmed since the 1950s by about a tenth of
a degree, when averaged from the surface down two miles at depth
into the ocean.

The role that human activities have played in causing these cli-
mate changes has been the subject of debate and research for more
than a decade. There is no doubt that humans have modified the
abundances of the key greenhouse gases in the atmosphere—in
particular, carbon dioxide, methane, nitrous oxide, and tropo-
spheric ozone. These gases are at their highest recorded levels. In
fact, ice core records of carbon dioxide and methane show that to-
day’s amounts are significantly large than at any period over the
last 400,000 years.

The increase in these greenhouse gases is primarily due to fossil
fuel combustion, agriculture, and land-use changes. Recent re-
search advances have led to widespread acceptance that the
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human-induced increase in greenhouse gas abundance is respon-
sible for a significant portion of the observed climate. The precise
size of that portion is difficult to quantify against the backdrop of
natural variability and climate, forcing uncertainties.

Because the Earth’s system responds so slowly to changes in
greenhouse gas levels, and because altering established energy-use
practices is difficult, changes in impacts attributable to these fac-
tors will continue during 21st century and beyond. Current models
indicate the large potential range for future changes, with global
mean surface temperature warming by anywhere from two-and-a-
half to ten-and-a-half degrees Fahrenheit by 2100.

Given increasing evidence of how humans have modified the
Earth’s climate over the last century, it is imperative for the Na-
tion to continue directing resources for better observing, modeling,
and understanding the form future changes in climate and climate
variability may take, the potential positive and negative impacts of
these changes on humans and ecosystems, and how society can best
mitigate or adapt to these changes.

Thank you for this opportunity to talk about climate change.
This is a problem that affects us all and a problem the scientific
communities does take seriously. It does not shy away from its re-
sponsibility to provide objective scientific assessment in support of
sound policy decisions.

I'll be happy to take any questions at the appropriate time.

[The prepared statement of Dr. Busalacchi follows:]

PREPARED STATEMENT OF ANTONIO J. BUSALACCHI, JR., PH.D. CHAIRMAN, CLIMATE
RESEARCH COMMITTEE, NATIONAL ACADEMY OF SCIENCES, AND DIRECTOR, EARTH
SYSTEM SCIENCE INTERDISCIPLINARY CENTER (ESSIC), UNIVERSITY OF MARYLAND

Good morning. Thank you very much for this opportunity to testify. I am Dr. Tony
Busalacchi, a professor at the University of Maryland and I serve as the Chair of
The National Academies’ Climate Research Committee. I will use my time this
morning to summarize what most scientists agree to be true about change in the
Earth’s climate.

Understanding climate and whether it is changing, and why, is one of the most
crucial questions facing humankind in the twenty-first century. This question is the
subject of much scientific research and, of course, policy debate, since the economic
and environmental implications could be large. The National Academies have pro-
duced a number of reports focused on understanding climate in recent years and my
testimony draws heavily from two of these: a February 2003 report that gives input
to the Administration’s draft U.S. Climate Change Science Program Strategic Plan
(NRC 2003) and a 2001 report called “Climate Change Science” that was done at
the request of the White House (NRC 2001). The latter report answered a series of
specific questions designed to identify areas in climate change science where there
are the greatest certainties and uncertainties. If you haven’t read this report, it is
an excellent summary (only 25 pages long) written in very accessible language.

As is explained in “Climate Change Science,” there is wide scientific consensus
that climate is indeed changing. Greenhouse gases are accumulating in Earth’s at-
mosphere as a result of human activities, causing surface air temperatures and sub-
surface ocean temperatures to rise. Our confidence in this conclusion is higher today
than it was ten, or even five years ago, but uncertainty remains because there is
a level of natural variability inherent in the climate system on time scales of dec-
ades to centuries that can be difficult to interpret with precision because we gather
this evidence from sparse observations, numerical models, and proxy records such
as ice cores and tree rings. Despite the uncertainties, however, there is widespread
agreement that the observed warming is real and particularly strong within the
past twenty years.

As the report further explains, human-induced warming and associated sea level
rises are expected to continue through the 21st century. Computer model simula-
tions and basic physical reasoning show that there will be secondary effects from
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these changes. These include increases in rainfall rates and increased susceptibility
of semi-arid regions to drought. The impacts of these changes will depend on the
magnitude of the warming and the rate with which it occurs.

A diverse array of evidence supports the view that global air temperatures are
warming. Instrumental records from land stations and ships indicate that global
mean surface air temperature warmed about 0.4-0.8 degrees C (0.7-1.5 degrees F)
during the 20th century. The warming trend is spatially widespread and is con-
sistent with the global retreat of mountain glaciers, reductions in snow-cover extent,
the earlier spring melting of ice on rivers and lakes, the accelerated rate of rise of
sea level during the 20th century relative to the past few thousands years and the
increase in upper-air water vapor and rainfall rates over many regions. A length-
ening of the growing season also has been documented in many areas, along with
an earlier plant flowering season and earlier arrival and breeding of migratory
birds. Some species of plants, insects, birds and fish have shifted toward higher lati-
tudes or higher elevations, often together with associated changes in disease vectors.
The ocean, which represents the largest reservoir of heat in the climate system, has
warmed by about 0.05 degrees C (0.09 degrees F) averaged over the layer extending
from the surface down to 10,000 feet, since the 1950s.

It has been said that the Arctic will be the “canary in the coal mine” where the
effects of global warming will be felt first and with the greatest magnitude. Analysis
of recently declassified data from U.S. and Russian submarines indicates that sea
ice in the central Arctic has thinned since the 1970s, and satellite data indicate a
10-15 percent decrease in summer sea ice concentration over the Arctic as a whole.
Satellite measurements also indicate that the time between the onset of sea-ice
melting and freeze-up has increased significantly from 1978 through 1996, and the
number of ice-free days have increased over much of the Arctic Ocean. A decline of
about 10 percent in spring and summer continental snow cover extent over the past
few decades also has been observed. Looked at in total, the evidence paints a rea-
sonably coherent picture of change, but the conclusion that the cause is greenhouse
warning is still open to debate; many of the records are either short, of uncertain
quality, or provide limited special coverage.

As you may have seen in the press, a large ice shelf recently broke up along the
coast of northeast Canada’s Ellesmere Island, followed by the drainage of an ice-
dammed lake that had built up behind it (Disraeli Fiord). The Ward Hunt Ice Shelf
was the largest remaining piece of an ice shelf that once, a century ago, rimmed
the entire northern coast of Ellesmere Island. I have not studied this particular inci-
dent, nor has the Academy, but researchers working at the site had documented re-
ductions in the freshwater volume of the lake accompanied by a rise in mean annual
air temperature and have stated that they believe this change can be attributed to
global warming. Other scientists have been more cautious, noting that many of the
changes being seen in the Arctic could have more to do with long-term world climate
patterns than with the release of carbon dioxide and other greenhouse gases. Still,
atmospheric chemist and National Academy of Sciences member Ralph J. Cicerone
of the University of California at Irvine was quoted in the Washington Post article
on the ice-shelf breakup as saying:

“But even though this ice melt and permafrost thawing [probably happened] too
fast to be due to global warming, this is [a] prototype of what we should expect
after the next few decades. . . . This is a good dress rehearsal for the kinds
of things we could see later.”

Some of the changes being experienced at high latitudes are believed to be reflec-
tions of changes in wintertime wind patterns rather than a direct consequence of
global warming per se. It is important to note that the rate of warming has not been
uniform over the 20th century. Much of the warming occurred prior to 1940 and
during the past few decades. The Northern Hemisphere as a whole experienced a
slight cooling from 1946-1975, and the cooling during that period was quite marked
over the eastern United States. The cause of this hiatus in the warming is still
under debate. One possible cause might be the buildup of sulfate aerosols due to
the widespread burning of high sulfur coal during the middle of the century followed
by a decline; it is also possible that at least part of the rapid warming of the North-
ern Hemisphere during the first part of the 20th century and the subsequent cooling
were of natural origin—a remote response to changes in the oceanic circulation, or
variations in the frequency of major volcanic emissions or in solar luminosity.

The role that human activities have played in causing these climate changes has
been a subject of debate and research for more than a decade. There is no doubt
that humans have modified the abundances of key greenhouse gases in the atmos-
phere, in particular carbon dioxide, methane, nitrous oxide, and tropospheric ozone.
These gases are at their highest recorded levels. In fact, the ice-core records of car-
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bon dioxide and methane show their twentieth century atmospheric abundances to
be significantly larger than at any period over the past 400,000 years. The increase
in these greenhouse gases is primarily due to fossil fuel combustion, agriculture,
and land-use changes. Recent research advances have led to widespread acceptance
that the human-induced increase in greenhouse gas abundances is responsible for
a significant portion of the observed climate changes. The precise size of that por-
tion is difficult to quantify against the backdrop of natural variability and climate
forcing uncertainties.

Because the Earth system responds so slowly to changes in greenhouse gas levels,
and because altering established energy-use practices is difficult, changes and im-
pacts attributable to these factors will continue during the twenty-first century and
beyond. Current models indicate a large potential range for future climates, with
global mean surface temperature warming by 1.4 to 5.8 °C (2.5 to 10.4 °F) by 2100
(IPCC, 2001).

Given increasing evidence of how humans have modified the Earth’s climate over
the last century, it is imperative for the Nation to continue directing resources to-
ward better observing, modeling, and understanding of what form future changes
in climate and climate variability may take, the potential positive and negative im-
pacts of these changes on humans and ecosystems, and how society can best miti-
gate or adapt to these changes.

Thank you for this opportunity to talk about climate change. This is a problem
that affects us all, and a problem the scientific community does not shy away from
in terms of its responsibility to provide objective scientific assessment in support of
sound policy decisions. I'd be happy to take any questions.
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The CHAIRMAN. Thank you very much, Doctor.
Dr. Wigley?

STATEMENT OF TOM M.L. WIGLEY, SENIOR SCIENTIST,
NATIONAL CENTER FOR ATMOSPHERIC RESEARCH

Dr. WIGLEY. Thank you, Senator McCain, for giving me the op-
portunity to talk about this issue.

I've produced a written statement that I request be formally in-
cluded in the record.

The CHAIRMAN. Without objection.

Dr. WIGLEY. My name is Tom Wigley. I'm a Senior Scientist at
the National Center for Atmospheric Research, and I've been in-
volved in climate change research for 20 or 30 years.

This is a brief statement that will flesh out some of the informa-
tion that Dr. Busalacchi gave, in a quantitative sense. I'm going to
address three issues. I want to say a little bit about the 20th cen-
tury warming and our understanding of the causes for that warm-
ing. I'm going to say a little bit about the more recent record, over
the last 25 years, of satellite temperatures of the free atmosphere,
and then quantify the effects of human influences over the next
hundred years.

This diagram shows——

The CHAIRMAN. Can you hold a minute, Dr. Wigley? In my de-
clining years, I have trouble seeing, so I will come closer.

[Laughter.]
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Dr. WIGLEY. Yes, I'm sympathetic to that. I don’t know whether
“declining” is really the right word to use, however.

OK. This diagram shows—the black, with little dots, is the ob-
served global warming temperature record, and you can see that
there’s a warming here of roughly seven-tenths of a degree Centi-
grade over the last hundred years. In terms of Fahrenheit, that’s
a little over one degree.

And then there are two sets of curves. The lower two curves
show model estimates of what the changes would have been if we
accounted only for natural external forcing factors on the climate
system. And the upper two curves correspond to the results that
would attain if we included human influences. And you can see
that including human influences is essentially the only way that
we can explain the observed warming. And particularly, the dra-
matic warming over the last 30 to 50 years is largely the result of
hum%n factors. Natural variability alone cannot explain the past
record.

This little diagram acts as a credibility test for climate models,
and I'm going to give one other test for these climate models.

Now, this diagram looks at changes over the last 20 years, where
we have very precise records from satellite observations using an
instrument called the microwave sounding unit. And there are four
results here. And on the lefthand side, labeled UAH, is one of the
records that is based on satellite data from the University of Ala-
bama at Huntsville. The RSS curve uses the same data, but is a
different way of analyzing the changes from one satellite to an-
other. And the ERA 40 curve is a composite of a variety of different
types of evidence. The final curve, on the right-hand side model,
shows the results that would be expected for tropospheric tempera-
ture trends using climate models and using our best estimates of
Whgt the forcing of the climate system has been over this time pe-
riod.

You can see there are a lot of uncertainties. You can see that the
RSS and ERA 40 curves, or trends, agree very well with the model
expectation. There’s some uncertainty associated with the satellite
temperature records, and that’s indicated by the difference between
the two lefthand RSS and UAH panels there. So this is not a to-
tally resolved issue, but there appears to be no inconsistency be-
tween model expectations and observed temperatures.

Given that credibility test for models, then we can use, with
some confidence, these models for predicting what might happen in
the future. And this diagram shows the past warming record, from
minus-.7 Celsius up to that little triangle there in the year 2000,
and then future projections. The two—the red and blue curves,
these are just for one particular emission scenario or projection of
what emissions of greenhouse gases might be in the future. The red
and blue curves are an estimate of the uncertainty associated with
the buildup of carbon dioxide and other gases and with the re-
sponse of the climate system. You can see that the warming, even
at the low end, the blue curve, is substantially than what has oc-
curred over the last hundred years. The yellow bar, on the right-
hand side, accounts for other uncertainties in emissions and other
factors that affect the climate system, and that’s the result given
by the Intergovernmental Panel on Climate Change, IPCC. And
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just to summarize that bar, the warming at the low end is about
double the warming over the last hundred years. At the high end,
the warming rate is some seven times the warming rate over the
last hundred years, clearly cause for concern.

And, in summary, we can’t explain the 20th century warming un-
less we include human influences. Roughly 75 percent of the warm-
ing over the last hundred years appears to be due to these human
influences. There’s no problem with satellite data as far as the lat-
est measurements go, in terms of their comparison with model re-
sults. And in the absence of climate mitigation policies, it seems
that the future warming might be somewhere between two and
seven times the rate of warming that occurred over the last cen-
tury.

And I'd just like to conclude by thanking Senator McCain and
other Senators involved for this balanced and responsible approach
to the climate change problem.

Thank you.

[The prepared statement of Dr. Wigley follows:]

PREPARED STATEMENT OF ToM M.L. WIGLEY, SENIOR SCIENTIST,
NATIONAL CENTER FOR ATMOSPHERIC RESEARCH

1. Introduction

Projections of future climate change made using state-of-the-art climate models
suggest that changes over the coming century will be much larger than experienced
over the past 100 years. The case for taking action to mitigate these human-induced
(or ‘anthropogenic’) changes rests on the credibility of these models. There is a vast
scientific literature on the development and testing of these models, summarized in
the recent “Third Assessment Report” (henceforth “TAR”) produced under the aus-
pices of Working Group 1 of the Intergovernmental Panel on Climate Change (IPCC,
Houghton et al., 2001). There are two main methods of model testing—comparing
model simulations of the present state of the climate system (such as the geo-
graphical patterns of temperature, rain-and snowfall, sea-level pressure, etc.)
against observations, and comparing model simulations of past changes in climate
with observations.

The most recent climate models are able to simulate present-day climate remark-
ably well—with errors often less than the uncertainties in observational data sets.
Here, however, I will not dwell on this aspect of model validation, but concentrate
on the second method—comparison of observed and model-simulated changes. I will
show that models simulate temperature changes over the past 100+ years with con-
siderable fidelity provided they are driven (or “forced”) by observed changes in both
natural forcing agents (such as variations in the output of the Sun) and anthropo-
genic factors (such as changes in greenhouse gas concentrations and aerosol particle
changes). Natural forcing factors alone cannot explain the past record.

Using the results from this model/observed data comparison, I will give projec-
tions of future changes in global-mean temperature for a central scenario for future
emissions. These results, which are consistent with projections given in the IPCC
TAR, imply, for this particular emissions scenario, a future warming rate of three
to five times the warming that occurred over the 20th century. The uncertainty
range expands to two to seven times the past warming rate when emissions and
other uncertainties are accounted for. Even at the low end, these projections are
cause for concern.

2. Temperature changes over the 20th century

The simplest indicator of climate change is the global-mean, near-surface tem-
perature—the average over the Earth’s surface area of temperature observations ob-
tained primarily for the purposes of weather forecasting. After carefully correcting
these data for instrumental and exposure changes, global-mean temperature shows
a warming trend of about 0.7 °C over the past 100 years. This warming trend has,
superimposed on it, substantial variability on monthly, annual and decadal
timescales associated with natural climate processes such as El Nino and other
interactions between the land, ocean and cryosphere (ice)—see Figure 1.
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To understand the causes of the century timescale warming trend we make use
of climate models. Such models are an efficient way to synthesize and integrate, in
an internally-consistent way, the many complexities and interactions of the climate
system. The basic procedure begins by defining, independently of the model, the
changes in the external drivers of the climate system. We then use these drivers
as input forcing factors for the model and run the model to see how well it agrees
with observed changes. In doing so, we try to quantify any uncertainties in both the
inputs and the model structure to see what affects these uncertainties might have
on the model outputs.

The forcing factors are of two types: natural agents like the effects of large vol-
canic eruptions and changes in the energy output of the Sun; and a variety of an-
thropogenic factors. Volcanic eruptions have a strong short-term cooling effect
(Robock, 1999), and only a minimal effect on decadal or longer timescales. Since the
goal here is to understand the century timescale warming, I will not consider vol-
canic effects further in this analysis, beyond noting that climate models are able to
simulate the short-term coolings well. For changes in solar output, I use the recent
estimates of Foukal (2002) from 1915 onwards and Hoyt and Schatten (1993) prior
to 1915. Other estimates of solar output changes yield similar results. I do not con-
sider the hypothesized amplification of solar forcing through the effects of cosmic
rays, partly because there is no credible physical basis for this amplification. I note,
however, that any assumed amplification of solar forcing degrades the agreement
between model and observed results.

The anthropogenic factors include changes in the concentrations of greenhouse
gases (carbon dioxide, methane, nitrous oxide, ozone, and various man-made
halocarbons, of which the CFCs—chlorofluorocarbons—are the most well known),
and changes in the atmospheric loading of small particles (aerosols) associated pri-
marily with fossil fuel burning. The greenhouse gases, of which carbon dioxide is
the most important, have a warming effect. Aerosols, depending on type, may have
either a warming or cooling effect. To date, the cooling effect dominates, but the
magnitude of this cooling is still uncertain. In the results below I consider a range
of possible values for the magnitude of aerosol cooling.

For the climate model I use the model employed by IPCC to produce their global-
mean temperature projections (see Wigley and Raper, 2002, and references therein).
This is a relatively simple model, but it has been rigorously tested against much
more complex coupled Atmosphere/Ocean General Circulation Models (AOGCMs)
and is able to simulate the results of these models with high accuracy over a wide
range of conditions (Raper et al., 2001).

The simpler model has the advantage that it can be used to examine the effects
of uncertainties in the parameters that control the response of the climate system
to external forcing. The primary source of uncertainty is the “climate sensitivity” pa-
rameter (designated by “S” below). This is usually characterized by the eventual (or
“equilibrium”) global-mean warming that would occur if we doubled the amount of
carbon dioxide in the atmosphere. It has an uncertainty range of 1.5 °C to 4.5 °C
with about 90 percent confidence. I will give results for sensitivity values of 2 °C
and 4 °C to show the importance of this factor. For more information on sources
of modeling uncertainty, see Wigley and Raper (2001).
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Figure 1: Observed versus model-simulated changes in global-mean, near-surface temperature.
For observed data, see Jones et al., (1999) and Jones and Moberg (2003).

Figure 1 compares observed near-surface temperature changes with model pre-
dictions. The four model-based curves consider two forcing cases; one in which the
model is driven solely by the primary natural driving force, changes in the output
of the Sun (lower two curves), and one where both natural and anthropogenic
forcings are used to drive the model (upper two curves). The two curves for each
case reflect the main sources of uncertainty in the modeling exercise, the magnitude
of aerosol forcing, and the magnitude of the climate sensitivity.

The upper two curves show that it is possible to obtain a good match between the
model and observations by using a low aerosol forcing (—0.8W/m2 in 1990) combined
with low climate sensitivity (S = 2.0 °C), or by using a relatively high aerosol forcing
(-1.3W/m2 in 1990) combined with low climate sensitivity (S = 4.0 °C). Since these
values are within their accepted ranges of uncertainty, it is clear that there is no
inconsistency between models and observations. The observations, however, do not
narrow the ranges of uncertainty for these two parameters, so, in making projec-
tions of future change, we need to account for these uncertainties.

The lower two curves show the expected global-mean temperature changes in the
absence of anthropogenic forcing. Up to around the mid 1970s both the natural-forc-
ing-only and the natural-plus-anthropogenic forcing cases fit the observations rea-
sonably well. After this, the natural-only case provides an increasingly bad fit, while
the natural-plus-anthropogenic case fits the observed warming trend extremely well.
It is clear from this that anthropogenic forcing effects must be considered in order
to explain the observations.

3. Satellite-based temperature changes since 1979

One of the more puzzling aspects of recent climate change has been the apparent
inconsistency between the linear trends in tropospheric temperatures (from satellite-
based Microwave Sounding Units—MSU data), surface air temperatures, and model
results (National Academy of Sciences (NAS), 2001). The original MSU data (see
Christy et al., 2003, and earlier references cited therein—this data set is referred
to below as the UAH data, since its developers are associated with the University
of Alabama at Huntsville) showed little or no warming trend since the beginning
of the satellite record in 1979, while both the surface data and model results for
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the surface and for the troposphere (as illustrated in Figure 1) showed a substantial
warming trend. The NAS (2001) report concluded that there was no reason to sus-
pect serious errors in any of the trends, but this rather down-played what is really
an important inconsistency.

More recent work has moved towards resolving this inconsistency. First, an en-
tirely independent analysis of the raw satellite data (the MSU2 data specifically)
has recently been carried by Mears et al., (2003—these authors are with Remote
Sensing Systems, Santa Rosa, CA, so their data set is referred to below as the RSS
data). This new analysis has a warming trend that is both larger than the UAH
trend and more consistent with both the surface and model data (Santer et al.,
2003a). Second, a new reanalysis product (the ERA-40 data produced by the Euro-
pean Centre for Medium-range Weather Forecasting), when used to construct equiv-
alent MSU2 temperature trends, also shows a larger warming trend than the UAH
data. (Reanalysis is a technique for synthesizing diverse observational data sets, in-
cluding both satellite and radiosonde data, to produce an internally-consistent pic-
ture of changes in atmospheric meteorological conditions—the ERA exercise is de-
scribed in Gibson et al., 1997.) Third, analysis of changes in the height of the
tropopause—the boundary between the lowest layer of the atmosphere, the tropo-
sphere, where temperatures decrease with height, and the layer above this, the
stratosphere, where temperatures either change little or increase with height—show
that these changes can only be explained if the troposphere is warming (Santer et
al., 2003b).

Trends in the three observed data sets, UAH, RSS and ERA-40 are shown in Fig-
ure 2, along with model results consistent with those shown in Figure 1. The ob-
served trends have substantial statistical uncertainty because of the “noise” of inter-
annual variations about the underlying trend. The statistical uncertainty ranges
shown in the Figure are the ‘two-sigma’ ranges, corresponding to 95 percent con-
fidence intervals. For the model results there are additional uncertainties associated
primarily with radiative forcing and climate sensitivity uncertainties, as explained
above.

Figure 2: Trends over 1979-2001 and trend uncertainties for different tropospheric data sets.

In a statistical sense, Figure 2 shows that there is no significant difference be-
tween any of the trends. While it is clear that the UAH results are qualitatively
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different from the other results, because of the uncertainties involved it is too soon
to pass judgment. As noted by Santer et al., (2003a), model results cannot be used
as a basis for selecting one observed data set over another. The key result of this
comparison is that it exposes uncertainties that are larger than hitherto suspected.
If, however, the UAH data are found to have underestimated the warming trend in
the troposphere, then this will resolve an important climatological ‘problem’ and
provide a strong endorsement for the validity of current climate models.

4, Supporting evidence for 20th century climate change

The temperature results above provide strong evidence for the reality of a strong
warming trend over the 20th century. The warming is consistent with model expec-
tations and can only be explained if one includes anthropogenic factors as part of
the cause. From Figure 1, the natural warming trend over the 20th century ac-
counts for only 23-32 percent of the total trend. The observations are also consistent
with a climate sensitivity in the standard 1.5 °C to 4.5 °C range, and are not con-
sistent with a lower value.

These results are consistent with many other lines of evidence that there are un-
usual changes occurring in the climate system. Not only are global-mean tempera-
ture changes consistent with models, but the horizontal and vertical patterns of
change also agree with model predictions (TAR). In addition, a sharp cooling trend
has been observed in the stratosphere that agrees well with model predictions
(Santer et al., 2003a). Sea level has been rising steadily (TAR), partly as a result
of warming in the ocean that agrees with model expectations (Barnett et al., 2001)
and partly due to the melting of glaciers and small ice sheets (TAR). Sea ice area
and thickness have also been decreasing in accord with the changes suggested by
models (Vinnikov et al., 1999). Sea-level pressure patterns have shown significant
changes and, once again, these changes are similar to those predicted by models
(Gillett et al., 2003). The frequency of precipitation extremes has also been increas-
ing (Karl and Knight, 1998; Groisman et al., 1999), a result that agrees both with
simple physical reasoning (Trenberth et al., 2003) and with model predictions (Wilby
and Wigley, 2002). Finally, based on paleoclimatological evidence, the warmth that
characterizes the late 20th century is, at least for the Northern Hemisphere, unprec-
edented in at least 1000 years (Mann and Jones, 2003).

5. Climate change over the 21st century

Given the weight of evidence endorsing the credibility of climate models, at least
at large spatial scales, we can safely use these models to estimate what changes
might occur over the next 100 years. To do this we must first estimate how the
emissions of all climatically-active gases will change in the future. As part of the
IPCC Third Assessment Report process, a large set of future emissions scenarios
was developed, all under the “no-climate-policy” assumption (referred to as the
“SRES” scenarios for “Special Report on Emissions Scenarios”; Nakicenovi¢ and
Swart, 2000). In total there are 35 complete scenarios spanning a range of assump-
tions about future population growth, economic growth, technological change, and
so on—and each set of assumptions leads to a different set of emissions. In order
to predict future climate one must take account of the attendant uncertainties in
emissions, since it is these that drive changes in the composition of the atmosphere,
which in turn drive changes in the climate system. At each step, in going from emis-
sions to atmospheric composition changes, and from composition changes to climate,
there are other uncertainties that must be taken into account. Most of these uncer-
tainties were accounted for in the TAR, where the estimated changes in global-mean
temperature over 1990 to 2100 were given as 1.4 °C to 5.8 °C. A more formal prob-
abilistic analysis was given by Wigley and Raper (2001).

Here, to illustrate the procedure, I will use a single emissions scenario, the A1B
scenario, which is roughly in the middle of the range covered by the SRES set. I
will then account for uncertainties in aerosol forcing and climate sensitivity as in
Figure 1 (recognizing that this does not span the full range of uncertainties in these
parameters). The projected future changes in global-mean temperature, compared
with past changes, are shown in Figure 3.



21

Figure 3: Projected global-mean warming.

Over 2000 to 2100 the warming range is 2.0 °C to 3.6 °C, which corresponds to
warming rates of roughly three to five times the rate of warming over the 20th cen-
tury—and temperatures are still increasing at the end of the century. A wider un-
certainty range is obtained when other uncertainties are accounted for, as in the
TAR analysis (shown by the bar on the right side of the Figure). Even at the low
end of the range of possibilities, the warming rate over 2000 to 2100 is double the
20th century warming rate, while at the top end the future rate is seven times the
past rate.

Major changes in all aspects of climate will occur in parallel with these unprece-
dented global-mean temperature increases. Many of these will be beyond our
present adaptive capabilities (particularly in lesser developed countries), and will
undoubtedly lead to damages to natural ecosystems and managed systems such as
agriculture and water resources, and to possibly serious consequences for health and
the spread of pests and disease. While the changes and their impacts cannot be pre-
dicted in detail, and while some of the consequences of future climate and atmos-
pheric change may be positive, it would be prudent to insure against adverse
changes either through improving our adaptive capabilities and/or, through emis-
sions mitigation, reducing the magnitude of future climate change. In the absence
of climate policies, as time goes by we will be moving further and further into un-
known climate territory and committing ourselves to even larger future changes. Be-
cause of the inertia in both socioeconomic systems and the climate system, it is like-
ly that quite aggressive actions may be required to avoid (quoting Article 2 of the
Framework Convention on Climate Change) “dangerous interference with the cli-
mate system”, and ensure that we are able to stabilize the composition of the atmos-
phere and the climate at acceptable levels.
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The CHAIRMAN. Thank you very much.
Dr. Schneider?

STATEMENT OF STEPHEN H. SCHNEIDER, PROFESSOR,
DEPARTMENT OF BIOLOGICAL SCIENCES; CO-DIRECTOR,
CENTER FOR ENVIRONMENTAL SCIENCE AND POLICY,
STANFORD UNIVERSITY

Dr. SCHNEIDER. Thank you very much, Senator, and I appreciate
your noticing my jet-lagged eyes.

[Laughter.]

Dr. SCHNEIDER. But let me begin with a personal point, which is
how much I appreciate having testified before committees in which
you sat since—maybe neither one of us wants to remember back
to the mid-1980s, and the 1990s in the case of Senator Lieberman.
And many of us in the outside community deeply appreciate your
staying with this issue.



23

We also appreciate the opportunity to try to clarify very briefly,
which is all I can do in the few minutes I have now, some of the
items that may be confusing to people on the outside.

We hear claims that climate will lead to certain catastrophic out-
comes. We hear claims that it'll be good for you from CO, fertiliza-
tion. And TI’ll state my prejudice at the outset, sir, which is that
“the end of the world” and “good for you” are the two lowest prob-
ability outcomes.

Almost everything else in between is more likely, and that in-
cludes a substantial number of events which could have serious
consequences; and, therefore, I find that entirely justifiable that
you and your colleagues are looking to find solutions which are
both fair, cost effective, and able to handle the reduction in the
growth rate of the gases that we think will create this problem.

I was asked, thinking back to a Committee that you were on in
May 8, 1989, and, in fact, it was this very Committee, there was
contention about the degree to which uncertainty would allow us
to say anything. And I was pressed by Senators at the time to say,
“Well, you don’t know this based on looking at the temperature
changes of the kind that Dr. Wigley just mentioned.” And the point
that I said—I just looked it up—I said, “Most of our confidence that
the future will change is about the heat-trapping properties of
gases, not so much based on the performance of the planet in this
century. If we insist on waiting for the planet to catch up with
what we expect it to do, it is another 10 to 20 years to prove that.”

Well, so I put myself on the line. That was 14 years ago, and I
would now argue that nature has caught up with theory. And pre-
cisely what Tom Wigley said has driven the vast bulk of climate
scientists to assert that despite remaining uncertainties in many
aspects of the problem, it’s overwhelmingly clear that something
unusual is going on in the last few decades. And recent studies are
suggesting it isn’t just the last few decades relative to the last hun-
dred years, with the graphics we saw, but the last few decades are
unusual over the timescale of 2,000 years.

Moreover, there are those who assert, “Well, maybe this is just
an accident of nature. Maybe it’s just the sun that did it.” And, of
course, it raises the question among most serious scientists, well,
if the sun is acting so perverse, why did it choose the last two dec-
ades when we also happened to have increased greenhouse gases
and land-use changes and other things?

So the best explanation we have for the complex set of issues is,
as Dr. Wigley has said, and the IPCC, and the National Research
Council, a combination of natural and human factors. And in the
recent years, the human factors are probably becoming dominant.

Now, that’s becoming dominant for the warming of up to the de-
gree or so Fahrenheit we had, and what’s really critical is pre-
dicting what might happen in the future. In order to do that, we
depart with the climate science of arguing about feedbacks and
oceans and so forth, and now move into the realm of human behav-
ior, because we have to figure out how many people will there be
in the world, what kind of standards of living will they demand,
and what kind of technologies and organizations will they use to
bring those about, because that’s what determines the relative
amount of emissions, land-use, and so forth. Not only do those be-
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haviors of us—which, of course, we have a choice over, including
supporting this bill, which, personally, I strongly do—we also have
to say as countries evolve and as people develop, it changes our ca-
pacity to adapt to the very pressures that we will put on and that
nature will put on.

So it all works interactively, and that what we have to do is rec-
ognize that our choices made in the next generation or so will then
play themselves out, not just for the climate, but for our vulner-
ability to climate changes of all kinds over the century as a whole.

Therefore, rather than dwell more on climate, let me, instead,
talk about the “so what.” So what if the climate changes? And
there’s very good science that’s recently emerged in that. In par-
ticular, two studies published this year, both using independent
methods, showed that plants and animals in the world are not
longer sitting passively, but actually beginning to respond to the
six-tenths of a degree, seven-tenths of a degree warming that’s al-
ready taken place.

Now, it shouldn’t come as any surprise to somebody who’s actu-
ally opened their eyes outside that if it gets warmer, the trees will
flower early, or butterflies might move up mountains, or birds
would lay eggs earlier. That wasn’t the surprise. The surprise was
that the warming we’ve had so far has been sufficient to lead to
a clear statistically significant signal that’s discernable in hundreds
of species of plants and animals. No one has claimed harm from
that yet, but if we can see the change already, at six-tenths of a
degree-C, then if we end up with the numbers Dr. Wigley referred
to, where warming would be, if we’re lucky, another degree or so,
and, unlucky, five, then we would expect dramatic reorganization
of ecosystems. Not only would they be forced to move, and move
rapidly, but they’d have to cross factories, farms, freeways, and
urban settlements. And those combination of disturbances means
that nature could very well be the prime reason for concern for
dealing with the greenhouse effect and its future potential.

Let me wrap up by saying we have to take a long view. It’s very
difficult, as we all know—there’s a famous expression that “politics
is now, and politics is local’—and, indeed, there’s a lot of truth in
that. On the other hand, the tailpipe that I may have is going to
do exactly the same thing to the climate as one from China or Rus-
sia. And as a result of that, we are all in this together. And as each
nation fashions its own best solution, we have to recognize that
that can only be partially effective without international agree-
ments to try to coordinate cost-effective and fair actions.

You mentioned at the outset, for the first testimony, that there
were critics who suggested that it was unimaginably expensive to
try to deal with this problem. Last summer, a Swedish colleague,
Christian Azar, and I had published a paper, in the Journal of Eco-
logical Economics, where we examined that. And we looked and
said, supposing we did the impossible thing, we had a draconian
carbon tax of $300 or $400 a ton, something that would be consid-
ered politically outrageous today, and that led to a stabilization of
carbon dioxide in the atmosphere of 300 or 400 parts per million,
or 500, something well below any of the current IPCC scenarios.
Well, if we costed those out using conventional economic models,
the present value is on the order of something like $10 to $20 tril-
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lion. Well, that seems so outrageously unimaginable among the
world economies, $30 trillion, that we can understand why people
were criticizing it.

But then we took a step back and said, wait a minute, that’s the
present value of the entire event over a hundred years. All these
same economic models project about a 2 percent per year growth
rate in GDP, so the current economy, 30 trillion, would have to be
multiplied times eight. It would be something like 250 trillion. So
if you have a 2 percent per year growth rate in 2100, and you have
a $250 trillion economy, a $20 trillion cost at that time is about 1
percent of GDP. In other words, we could essentially solve the glob-
al warming problem and do it by getting 500 percent richer in per-
sonal income, globally averaged, and have to have that wealth
occur in 2101 instead of 2100. I would assert that’s a very inexpen-
sive insurance policy to deal with a potentially dangerous problem,
such as climate change.

I have heard it similarly said about this very bill that we'’re dis-
cussing, that it could have very high costs. When one looks at num-
bers in absolute terms, like billions of dollars, that seems high. But
when one looks at the very, very small percentages of change to
GDP, you're literally talking about delaying 25 to 50 percent in-
creases in personal income several months, at most, and that’s with
pessimistic assumptions.

So I think we need to have two kinds of perspectives in talking
about this, and one is the absolute costs, and the other one is the
relative costs to the growth rate in the economy. And if one looks
at that, one will find that it is not remotely too expensive, in my
personal view, to try to slow down the potential of dangerous cli-
mate change that the previous speakers have described.

Thank you, sir.

[The prepared statement of Dr. Schneider follows:]

PREPARED STATEMENT OF STEPHEN H. SCHNEIDER, PROFESSOR, DEPARTMENT OF
BIOLOGICAL SCIENCES; CO-DIRECTOR, CENTER FOR ENVIRONMENTAL SCIENCE AND
PoLicy, STANFORD UNIVERSITY

Introduction and Personal Perspective. If I may indulge in a personal note
at the outset: it is a pleasure to appear again in front of both Senators McCain and
Lieberman on climate change issues, having had that honor on several occasions
since the mid-1980s with Senator McCain and the mid-1990s with Senator
Lieberman. As these hearings today are about the “case for action” on climate
change based on sound science assessment, I will try to emphasize aspects of the
science of climate change less exhaustively covered by other witnesses, such as Dr.
Tom Wigley of the National Center for Atmospheric Research, whose testimony on
climate change science I fully associate myself with. Instead, I will focus more on
climate change impacts. The problem was well-stated by Senator Lieberman when
I commented to the Senate Environment and Publics Works Committee, chaired by
the late Senator Chaffee, in July 1997. At that time, Senator Lieberman said:

Changes in climate have major implications for human health, water resources,
food supplies, infectious diseases, forests, fisheries, wildlife populations, urban
infrastructure, and flood plain and coastal developments in the United States.
Although uncertainties remain about where, when, and how much climate
might change as a result of human activities, the changes—when they happen—
may have severe impacts on many sectors of the U.S. economy and on the envi-
ronment. These are serious risks that we must start considering (p. 15).

This statement is equally valid today and can be further supported by substan-
tially more scientific studies pointing out potentially serious climate impacts. I will
briefly review some of these and put them in the context of climate change cost-
benefit analyses. But first, a brief statement about the climate change science itself.
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While testifying to this Committee on May 8, 1989—when Senator McCain was
a member of the Committee—I recall a discussion about the problem of uncertain-
ties surrounding climate change and the question of how long we should wait before
taking action. Some debaters had asserted that there wasn’t enough direct evidence
of human-induced climate change for strong policy actions. In response to Senators
from this committee on that point, I agreed that “Most of our confidence that the
future will change is based on literally millions and millions of observations which
tell us about the heat trapping properties of gases, not based so much on the per-
formance of the planet this century. If we insist on waiting for the planet to catch
up to what we expect it to do, it is another 10 to 20 years to prove that beyond
doubt” (p. 150).

Well, it is now 14 years since I said that. I believe the work of the Intergovern-
mental Panel on Climate Change (IPCC), the U.S. National Academy of Sciences
(NAS), and others has amply demonstrated that, indeed, nature has “caught up”
with our expectations of warming and in fact added a few surprises like rapid
changes in polar regions and devastating heat-wave-induced deaths, even in mod-
ern, highly developed countries, with the more than 15,000 mortalities occurring in
France this summer as a result of the extreme heat serving as a prime example.

Surface warming trends are solidly grounded in observational science and con-
sistent with human-induced pressures. It is scientifically well established that the
Earth’s surface air temperature has warmed significantly, by about 0.6 ° Celsius (C)
since 1860, and that an upward trend can be clearly discerned by plotting historical
temperatures. Such a graph would show a rapid rise in temperature at the end of
the twentieth century. This is supported by the fact that all but three of the ten
warmest years on record occurred during the 1990s. But what has been learned only
in the past five years is that this unusual warmth in recent years is not just an
anomaly in temperature records of the last 140 years, but the past 2000, as Figure
1 displays.

Figure 1. 2,000-year reconstruction of global temperature changes in
degrees Celsius

The blue line represents the temperature reconstruction, with 95 percent confidence band
shown in yellow and the instrumental record in red. Notice that the last several decades of the
20th century exceed the range of temperatures over the past 2,000 years. (Source: Mann and
Jones, 2003.)

The probability that the radical upward swing in temperature at the tail end of
the 20th century is just a natural quirk of nature—as some “contrarians” and their
political supporters contend—is exceedingly low. If, as some assert, “the sun did it”,
then what was the sun doing over the previous 2 millennia? It is rather perverse
to expect such radical behavior from the sun just now, at the same time that we
have clear evidence of human-induced pressures coincident with the warming. While
the possibility (at some low probability) that natural factors are responsible for the
unusual warmth of the Earth’s surface at the end of the 20th century cannot be
ruled out completely, a much more likely explanation is that the warming is the re-
sult of a mix of natural and human-induced (anthropogenic) factors. While this
alone is cause for worry, more disquieting still are climate change projections for
the 21st century, especially if we assume that greenhouse gas emissions follow a
business-as-usual path.

It is for these reasons that I express my personal satisfaction for having, over the
past two decades, had the opportunity to testify to the Senators currently leading
this effort to establish a meaningful climate change policy for the United States that
will actually result in emissions reductions. In my personal opinion, it is essential
that we get on with the job of providing (mandatory) incentives to push the amazing
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industrial and intellectual capacity of our country to fashion cost-effective solutions.
I thank the Senators for having pursued this issue over the long term.

As mentioned, nature has cooperated with theory in the past few decades, as evi-
denced by the record warming. In addition, it is well-established that human activi-
ties have caused increases in radiative forcing, with radiative forcing defined as a
change in the balance between the radiation coming into and going out of the sur-
face-atmosphere system. In the past few centuries, atmospheric carbon dioxide has
increased by more than 30 percent, and virtually all climatologists agree that the
cause is human activities, and the burning of fossil fuels in particular.

Despite the many well-established aspects of the science of climate change (e.g.,
anthropogenic forcing of global warming), other aspects (e.g., specific regional
changes) are still being vigorously debated. In fact, the climate change debate is
characterized by deep uncertainty, which results from factors such as lack of infor-
mation, disagreement about what is known or even knowable, linguistic imprecision,
statistical variation, measurement error, approximation, subjective judgment, and
disagreement about structural models, among others (see Moss and Schneider,
2000). These problems are compounded by the global scale of climate change, which
produces varying impacts at local scales, long time lags between forcing and its cor-
responding responses, very long-term climate variability that exceeds the length of
most instrumental records, and the impossibility of before-the-fact experimental con-
trols or empirical observations (i.e.,, there is no experimental or empirical observa-
tion set for the climate of, say, 2050 AD, meaning all our future inferences cannot
be wholly “objective,” data-based assessments—at least not until 2050 rolls around).
Moreover, climate change is not just a scientific topic but also a matter of public
and political debate, and degrees of uncertainty may be played up or down (and fur-
ther confused, whatever the case) by stakeholders in that debate.

Can We Define “Dangerous” Climate Change? Article 2 of the UN Framework Con-
vention on Climate Change (UNFCCC) states that: “The ultimate objective of this
Convention and any related legal instruments that the Conference of the Parties
may adopt is to achieve, in accordance with the relevant provisions of the Conven-
tion, stabilization of greenhouse gas concentrations in the atmosphere at a level that
would prevent dangerous anthropogenic interference with the climate system”. The
Framework Convention on Climate Change further suggests that:

“Such a level should be achieved within a time frame sufficient

e to allow ecosystems to adapt naturally to climate change,
e to ensure that food production is not threatened and
e to enable economic development to proceed in a sustainable manner.”

Thus, the term “dangerous anthropogenic interference” may be defined or charac-
terized in terms of the consequences (or impacts) of climate change outcomes, which
can be related to the levels and rates of change of climate parameters. These param-
eters will, in turn, be determined by the evolution of emissions and consequent at-
mospheric greenhouse gas concentrations. Evaluating the consequences of climate
change outcomes to determine those that may be considered “dangerous” is a com-
plex undertaking, involving substantial uncertainties as well as value judgments. In
this context, the role of scientists is to assess the literature with a view to providing
information that is policy-relevant, without being policy prescriptive.

Climate Sensitivity and Climate Scenarios to 2100 and Beyond. By how much will
humans and natural changes in the Earth each contribute to future climate disturb-
ance? The IPCC has attempted to tackle this controversial question in its Special
Report on Emission Scenarios (SRES), which contains a range of possible future cli-
mate scenarios based on different assumptions regarding economic growth, techno-
logical developments, and population growth, arguably the three most critical deter-
minants of future climate change. Together, the fan of possible climate scenarios
and the probability distributions of possible climate sensitivities determine what
policy makers often want to know—by how much will it warm in, say, 2100 (or any
other time), depending on what policies we choose to change emissions scenarios
(e.g., Schneider, 2002).

The SRES scenarios and other climate change projections depend on detailed mod-
eling. The most typical way scientists codify knowledge is by constructing models
made up of the many subcomponents of the climate system that reflect our best un-
derstanding of each subsystem. The most comprehensive models of atmospheric con-
ditions are three-dimensional, time-dependent simulators known as general circula-
tion models (GCMs). Because of the complexity and computational costs of GCMs,
simpler models are often constructed to explore the sensitivity of outcomes to plau-
sible alternative assumptions (e.g., Wigley’s, testimony to this session). The system
model as a whole cannot be directly tested before the fact—that is, before the future
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arrives—but it can be verified against historical situations that resemble what we
believe will be analogous to what will occur in the future (see “Model Validation”
below).

While modeling has become both more complex and more accurate as computing
abilities have advanced and more is understood about the climate problem, sci-
entists still have to deal with an enormous amount of uncertainty, as mentioned
above. In modeling, a major uncertainty is climate sensitivity, the amount by which
the global mean surface air temperature will increase for a doubling of CO, con-
centrations from pre-industrial levels. Many scientists have done extensive modeling
and observational research on this subject over the past 20 years, and most agree
that climate sensitivity probably falls somewhere within the IPCC’s range of 1.5—
4.5 °C. However, that old consensus is changing, as several recent studies (e.g.,
Andronova and Schlesinger, 2001; Forrest et al., 2001) have estimated that climate
sensitivity could be an alarming 6 °C or higher. (To give a sense of the magnitude,
a 5-7 °C drop in temperature is what separates Earth’s present climate from an
ice age.)

Model Validation. In the presence of so much uncertainty, how can modelers be
more confident in their model results? How do they know that they have taken into
account all economically, ecologically, and/or climatologically significant processes,
and that they have satisfactorily “parameterized” processes whose size scales are
below that of their models’ grid cells? The answer lies in a variety of model valida-
tion techniques, most of which involve evaluating a model’s ability to reproduce—
in the case of climate models—known climatic conditions in response to known
forcings.

Volcanic eruptions are one good form of model validation. Major volcanic eruptions
inject so much sulfuric acid haze and other dust into the stratosphere that they
exert a global cooling influence that lasts several years. Such eruptions occur some-
what randomly, but there is typically one every decade or so, and they constitute
natural “experiments” that can be used to test climate models. The last major vol-
canic eruption, of the Philippine volcano Mt. Pinatubo in 1991, was forecast by a
number of climate modeling groups to cool the planet by several tenths of a degree
Celsius. That is indeed what happened.

Figure 2. Predicted and observed changes in global temperature after the
1991 eruption of Mt. Pinatubo

Solid curve is derived from measured air temperatures over land and ocean surfaces. Broken
curves represent climate model runs with slightly different initial conditions. In both cases the
models included the effect of dust injected into the atmosphere by the volcanic eruptions.
(Source: Hansen et al., 1996.)
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Figure 2 shows a comparison between actual global temperature variations and
those predicted by a climate model for a period of five years following the Mt.
Pinatubo eruption. Now, a drop in temperature of a few tenths of a degree Celsius
is small enough that the observed variation just could be an unusual natural fluc-
tuation. However, earlier eruptions, including El Chichon in 1983 and Mt. Agung
in 1963, were also followed by a marked global cooling of several tenths of a degree
Celsius. Studying the climatic effects from a number of volcanic eruptions shows a
clear and obvious correlation between major eruptions and subsequent global cool-
ing. Furthermore, a very simple calculation shows that the negative forcing pro-
duced by volcanic dusts of several watts per square meter is consistent with the
magnitude of cooling following major volcanic eruptions. Viewed in light of these
data, the graph above suggests that climate models do a reasonably good job of re-
producing the large-scale climatic effects of volcanic eruptions over a time scale of
a few years.

Seasonality provides another natural experiment for testing climate models. Win-
ter weather typically averages some fifteen degrees Celsius colder than summer
weather in the Northern Hemisphere and five degrees Celsius colder in the South-
ern Hemisphere. (The Southern Hemisphere variation is lower because a much larg-
er portion of that hemisphere is water, whose high heat capacity moderates seasonal
temperature variations.) Climate models do an excellent job reproducing the timing
and magnitude of these seasonal temperature variations, although the absolute tem-
peratures they predict may be off by several degrees in some regions of the world.
However, the models are less good at reproducing other climatic variations, espe-
cially those involving precipitation and other aspects of the hydrological cycle. Of
course, being able to reproduce the seasonal temperature cycle alone—since it comes
full circle in only one year—does not guarantee that a model will accurately describe
the climate variations resulting from other driving factors (such as increasing an-
thropogenic greenhouse gas concentrations) that will likely occur over decades or
centuries. On the other hand, the fact that models do so well with seasonal vari-
ations is an assurance that the models’ climate sensitivity is unlikely to be off by
a factor of 5-10, as some contrarians assert.

Joint Probability Estimation. The combined effects of uncertainties in emissions
and uncertainties in climate sensitivity are also known as a “joint probability” (i.e.,
sensitivity and emissions varied jointly). How do we approach this question of the
joint probability of temperature rise to 2100 and crossing some “dangerous” warm-
ing threshold, to use the language of the UNFCCC—which, by the way, was signed
by President Bush in 1992 and ratified by the Senate. Instead of using two prob-
ability distributions, an analyst could pick a high, medium, and low range for each
factor and plot the results, as I will demonstrate. For example, a glance at
Andronova and Schlesinger’s (2001) calculations shows that the 10 percentile value
for climate sensitivity is 1.1 °C for a doubling of CO; (i.e., 4 W/m?2 of radiative forc-
ing). 1.1 °C is, of course, below the IPCC’s lower limit climate sensitivity value of
1.5 °C. However, this merely means that there is a 10 percent chance climate sensi-
tivity will be 1.1 °C or less—that is, a 90 percent chance climate sensitivity will be
1.1 °C or higher. The 50th percentile result—that is, the value that climate sensi-
tivity is as likely to be above as below—is 2.0 °C. The 90th percentile value for cli-
mate sensitivity from Andronova and Schlesinger (2001) is 6.8 °C, meaning there
is a 90 percent chance climate sensitivity is 6.8 °C or less, but there is still a very
uncomfortable 10 percent chance it is even higher than 6.8 °C—a value well above
the 4.5 °C figure that marks the top of the IPCC’s range. Using these three values
to represent a high, medium, and low climate sensitivity, we can produce three al-
ternate projections of temperature over time, once an emissions scenario is decided
on.
In Schneider (2003), the three climate sensitivities just explained were combined
with two SRES storylines: A1FI, the very high emissions, fossil fuel-intensive sce-
nario; and A1T, the high technological innovation scenario, in which development
and deployment of advanced technologies dramatically reduces the long-term emis-
sions. This comparison pair almost brackets the high and low ends of the 6 SRES
representative scenarios’ range of cumulative emissions to 2100, and since both are
for the “A1 world,” the only major difference between them is the technology compo-
nent. This component should be viewed as a “policy lever” that could be activated
through the implementation of policies to encourage decarbonization, for example—
like the bill before this committee. Therefore, studying how different the evolution
of projected climate is to 2100 for the two different scenarios is a very instructive
exercise and can help in exploring the different likelihoods of crossing “dangerous”
warming thresholds.
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Figure 3. Three climate sensitivities and two scenarios (source: Schneider,
2003)

As noted in Figure 3 above, the three climate sensitivities—10th, 50th and 90th
percentiles—designated by Andronova and Schlesinger (2001) are combined with the
radiative forcings for the A1FI and A1T scenarios laid out in the SRES. The dashed
horizontal lines in both graphs represent the 3.5 °C cut-off—a very conservative
number picked by me as the threshold value for “dangerous” climate change—and
the blue shaded area marks the extent to which each temperature change scenario
exceeds that 3.5 °C threshold. As shown, these scenarios produce similar projections
of warming for the first several decades of the 21st century, but diverge consider-
ably—especially in the high-sensitivity 90th percentile case—after mid-century. The
50th and 90th percentile A1FI cases both exceed the threshold of 3.5 °C warming
before 2100, and the area shaded in blue is much more dramatic in the fossil-inten-
sive scenario than the technological innovation scenario. In fact, at 2100, when the
AI1T curves are stabilizing, the A1FI curves are still upwardly sloped—implying
even greater warming in the 22nd century. In order to fully assess “dangerous” cli-
mate change potential, simulations that cover well over 100 years will be necessary,
since it is widely considered that warming above a few degrees Celsius is likely to
be much more harmful than changes below a few degrees (see Figure 4 below).

How Long is a “Long View”? The most striking features of both scenarios in Fig-
ure 3 are the top (red) lines, which rise very steeply above the two lines below them.
That is because of the peculiar shape of the probability density function for climate
sensitivity in Andronova and Schlesinger (2001). [For those concerned with the tech-
nical details, that is because the probability density function has a long tail on the
right-hand side, representing the possibility that aerosols have been holding back
not-yet-realized warming and the rise in temperature could be much higher than
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currently expected.] Also striking is that both the 10th and 50th percentile results
for both the A1FI and A1T scenarios don’t differ much in 2050, but then diverge
considerably by 2100. This has led some to declare (erroneously, in my view) that
there is very little difference in climate change across scenarios or even among dif-
ferent climate models with different sensitivities. This is clearly wrong, for although
both A1FI and A1T have emissions, and thus CO, concentration, projections that
are not very different for the first several decades of the 21st century, they diverge
after 2050, as does the temperature response. For the 90th percentile results, both
the A1FI and the A1T temperature projections exceed the “dangerous” threshold of
3.5 °C at roughly the same time (around 2040), but the A1FI warming not only goes
on to outstrip the A1T warming, but is still steeply sloped at 2100, implying warm-
ing beyond 13 °C in the 22nd century, which would undoubtedly leave a dramatic
legacy of environmental damage for distant posterity and great ecological stress for
nature.

Figure 3 shows, via a small number of curves (6 in all), the probability of tem-
perature changes over time for three climate sensitivity probabilities, but it does not
give probabilities for the emissions scenarios themselves; only two are used to
“bracket uncertainty,” and thus no joint probability can be gleaned from this exer-
cise. This is the next step that needs to be taken by the research community. An
MIT integrated assessment group (Webster et al., 2003) has already attempted to
fashion a probability distribution for future climate using a series of different mod-
els and expert judgments. Like other assessments, their work also suggests a wide
range of possibilities, with some representing quite “dangerous” potential outcomes.
That approach, I predict, will be the wave of the future in such analyses, but given
the heavy model-dependence of any such results, individual “answers” will remain
controversial and assumption-bound for a considerable time to come.

The likelihood of threshold-crossing is quite sensitive to the particular selection
of scenarios and climate sensitivities used. However, in these bracketing studies, the
probability of crossing “dangerous” thresholds of climate change is typically around
ten percent—a risk society will have to weigh against the costs of climate mitigation
activities. As will be discussed shortly, that is a high risk indeed.

If conventional economic discounting were applied, some present-day “rationalists”
might argue that the present value of damages postponed for a century or so is vir-
tually nil. But what if our behavior were to trigger irreversible changes in sea levels
and ocean currents or the extinction of species (on generational time scales)? Is it
fair to future generations for us to leave them the simultaneous legacy of more
wealth and severe ecosystem damage? That is the dilemma thoughtful analysts of
the climate policy debate have to ponder, since the next few generations’ behaviors
will precondition to a considerable extent the long-term evolution of the climate and
the planetary ecosystems.

Climate Impacts. Let us consider some of the effects that might occur in the next
century if the SRES emissions do occur. We can use models to calculate the climatic
consequences of those scenarios unfolding, which then allow us to estimate potential
impacts of climate changes, and in turn, the benefits of avoiding some of those po-
tential damages through mitigation and/or other measures.

Table 1 shows the IPCC’s summary of a number of such projected impacts. These
effects have been consolidated into five major reasons for concern and represented
graphically, as shown in Figure 4.
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Table 1.—Projected effects of global warming during the 21st Century
(adapted from IPCC 2001b, table SPM-1)

Projected Effect

Probability estimate

Examples of Projected Impacts with high confidence of occurrence
(67—95 percent probability) in at least some areas

Higher maximum
temperatures, more
hot days and heat
waves over nearly all
land areas

Very likely (90-99%)

Increased deaths and serious illness in older age groups
and urban poor
Increased heat stress in livestock and wildlife
Shift in tourist destinations
Increased risk of damage to a number of crops
Increased electric cooling demand and reduced energy
supply reliability

Higher minimum

temperatures, fewer
cold days, frost days
and cold waves over
nearly all land areas

Very likely (90-99%)

Decreased cold-related human morbidity and mortality
Decreased risk of damage to a number of crops, and
increased risk to others
Extended range and activity of some pest and disease
vectors
Reduced heating energy demand

More intense
precipitation events

Very likely (90-99%)
over many areas

Increased flood, landslide, avalanche, and mudslide
damage
Increased soil erosion
Increased flood runoff increasing recharge of some
floodplain aquifers
Increased pressure on government and private flood
insurance systems and disaster relief

Increased summer
drying over most mid-
latitude continental
interiors and
associated risk of
drought

Likely (67-90%)

Decreased crop yields
Increased damage to building foundations caused by
ground shrinkage
Decreased water resource quantity and quality
Increased risk of forest fire

Increase in tropical
cyclone peak wind
intensities, mean and
peak precipitation
intensities

Likely (67-90%) over
some areas

Increased risks to human life, risk of infectious disease
epidemics and many other risks
Increased coastal erosion and damage to coastal buildings
and infrastructure
Increased damage to coastal ecosystems such as coral reefs
and mangroves

Intensified droughts
and floods associated
with El Nino events
in many different
regions

Likely (67-90%)

Decreased agricultural and rangeland productivity in
drought- a